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Improving Iowa’s Peat and Alkali Soils
BY W . H. STEVENSON and P. E. BROWN
In north central Iowa many farms within the soil area 
known as the Wisconsin drift1, include more or less of peat 
and so-called “alkali” soils. The peat areas may cover from 
one to several hundred acres. The alkali areas are much 
smaller, ranging from one-tenth of an acre to two acres, but 
they are of importance because they occur in fields other­
wise satisfactorily productive.
Without special treatment, neither peat nor alkali soils 
will support good crop growth, but with proper manage­
ment they may be made very productive.
The first step in reclaiming peat soils is to establish 
efficient drainage. Many farmers, however, have had much 
difficulty in establishing such drainage and also for several 
years afterward in making their peat soils produce profit­
ably. There are many failures to secure satisfactory yields 
of corn and oats and these, often occurring after great ex­
pense, have naturally been disappointing. This disappoint­
ment is greater because these soils are usually black and 
very high in organic matter, two characteristics which nat­
urally lead to the belief that peat soils should necessarily 
be productive.
Field and laboratory studies made by the Soils section 
of the Iowa Agricultural Experiment Station during the past 
few years tend to prove that certain systems of soil man­
agement will render peat soils profitably productive in a 
comparatively short period of time. It has been found also 
that, unlike many of the peat and marsh soils of Wisconsin 
and Illinois, the shallow peat soils of Iowa, which constitute 
most of the peat deposits in the state, are not markedly 
benefited by applications of potassium. This is fortunate 
and means that nearly all the peat soils of Iowa may be re­
claimed without the purchase of expensive fertilizing ma­
terials- Because of this fact,’ the drainage and reclamation 
of these soils of Iowa should be carried on with all possible 
rapidity.
The appearance of so-called “alkali” spots in the areas 
in which peat soils are found frequently proves of great an­
noyance and perplexity to farmers. Studies made by the 
Soils section show that these spots may also be rendered
1. The counties included in the W isconsin  drift area in whole or in part 
a ,^e: Osceolst, D ickinson, Em m et, Kossuth, W innebago, W orth, Cerro 
uordo, H ancock, Clay, Palo A lto, O’Brien, Buena Vista, Pocahontas, 
Humboldt, Ham ilton, W right, W ebster, Calhoun, Sac, Carroll, Greene, 
Marshall, Polk, Dallas, Guthrie, Jasper, Hardin and Story.
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productive quite economically and made to grow good crops 
of corn, oats, hay and grass. Although these soils are found 
to only a limited extent, and as a rule in small areas, earnest 
efforts should be made to reclaim every area of this type. 
The value of many farms is cut down several dollars per acre 
b ecau se  a spot marked by a white deposit and a stunted crop 
bears unmistakable evidence of the presence of an over­
supply of salts.
It has not been possible to locate and study all the dif­
ferent tracts o f peat and alkali soils in the state, but much 
data regarding these lands has been secured. It is the pur­
pose of this bulltein to describe these soils and to discuss 
the methods of rclamation and cropping which will render 
them profitably productive at the least expense of time and 
money.
PEAT SOILS
Peat soils are those in which peat is the main constitu­
ent. Peat itself is partially rotted vegetable matter, which 
consists either of swamp grasses, sedges, rushes, flags, etc., 
or of sphagnum moss; the former is known as moss peat and 
the latter as grass peat. In either case the peat is formed 
of vegetable matter which has accumulated under water, 
where the absence of air allowed it to undergo only imper­
fect decomposition. When plants decay in the air, the de­
struction is more or less complete. The final products of 
such destruction are carbon dioxide gas, water and am­
monia, all of which are returned to the atmosphere. Under 
water, however, the lack of air and the presence of certain 
acids of antiseptic properties prevent anything more than 
partial decay, and the proportion of carbon increases with 
the continued change of the material until finally practically 
pure carbon, as in coal, results.
The essential conditions for the formation of peat are 
found, in swamps or marshes, or any flat, undrained area 
where water may stand and water-loving grasses and 
mosses may grow in profusion. The remains of such plants 
accumulate in the standing water and wet soil; one genera­
tion lives, dies, adds its remains to the deposit and is suc­
ceeded by another, which repeats the process. In this way 
a deposit of peat may increase year by year until it may be 
several feet or even yards in thickness.
PEAT FORMATION IN IOWA
With the melting of the glaciers which covered north 
central Iowa, there was left a comparatively level area of 
land, made up of the debris collected by the glacier during
4
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■SOIL AREAS OF
IOWA
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Fig. 1.— The shallow peats and alkali spots in Iow a occu r m ainly in the W iscon sin  drift soil area.
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its progress, and known as the Wisconsin drift soil area. 
Many more or less extensive depressions occurred through­
out this area, and especially at the edges of the glaciated 
section, known as the terminal moraine. These depressions 
became filled with water, and because of the heavy, imper­
vious character of the underlying soil, numerous lakes, 
ponds and marshes were formed.
A large variety of aquatic plants and mosses immedi­
ately established themselves in and around such areas, and 
year by year, century by century, the remains of such plant 
growth accumulated in the bottom of the ponds. These 
gradually became smaller and shallower, and finally many 
of them were entirely obliterated by the partially destroyed 
vegetable matter and replaced by a more or less compact 
peat.
The rate of formation of these peats depended on the 
character of the plants growing in the marshes. Where 
the larger plants, such as rushes and sedges, occurred, the 
formation was much more rapid than where the mosses 
predominated.
Three stages of peat formation may be found in north­
ern Iowa. First, there are complete peat beds, bearing evi­
dence of the previous existence of ponds and lakes which 
have now disappeared; second, there are marshes in which 
considerable peat has already been formed through the ac­
cumulation of dead vegetation, and is still being added to 
from year to year; third, there are lakes in which wave ac­
tion has restricted plant growth, and around whose edges 
only are evidences of the peat deposits which will occur in 
the distant future.
TWO CLASSES OF IOWA PEATS
The peat deposits in Iowa jnay be divided into two 
classes, the shallow and the deep. The former are located, 
for the most part, in the more level sections of the Wiscon­
sin drift area and are from a few inches to three or four 
feet in depth. The deep peats are especially well developed 
in a belt eight to twelve miles in width around the margin 
of the area covered by the Wisconsin ice sheet, among the 
ridges of the terminal moraine. They are composed of clean, 
fibrous, fairly dry vegetable matter from five to fifteen feet 
in depth. These deposits have been mapped and sampled 
by the Iowa Geological survey, and their commercial 
value has been pointed out1. For this reason, they need 
hardly be considered from the agricultural standpoint. The 
peat soils with which this bulletin deals are the shallow peats 
usually not over three feet in thickness. The results ob-
1. Iow a Geological Survey, 19:689. 1908.
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tained and treatment recommended must not be considered 
applicable to the deep Iowa peats.
SUBSOILS UNDER IOWA PEATS
Practically all the shallow Iowa peats are underlaid by 
a heavy black muck or a heavy blue or yellow clay soil. In 
some cases, the peat rests directly on the clay, no muck be­
ing present; in other locations, a heavy black muck from 
several inches to several feet in thickness separates the peat 
from the clay soil. In only a very few instances have sandy 
or gravelly subsoils been found underlying the peat, although 
occasionally small pockets or deposits of sand are found in 
the muck, doubtless washed into the marsh at some time 
from the nearby upland.
The Illinois experiment station1 separates peat soils 
into five fairly distinct classes, as follows:
1. Soils in which the very peaty material extends to a 
depth of three or four feet at least and often to much greater 
depths.
2. Soils wih one to three feet of peaty material resting on 
deep sand.
3. Soils with one to three feet of peaty material resting 
upon rock usually with some inches of sandy material between 
the two.
4. Soils with six inches to three feet of peaty material rest­
ing on a clayey subsoil.
5. Soils with only a few inches of peaty material resting 
on sand.
As stated above, the majority of the peat deposits of 
Iowa are similar to those described by the Illinois station 
under the fourth class. A lesser number of the Iowa de­
posits resemble those listed in the first class and as noted 
they will not be considered in this bulletin.
The experiments which have been carrid out on peat 
soils in Illinois, Wisconsin and Indiana have in general 
shown the benefical effect of potassium in making such soils 
productive2, but the deposits in those states would be classed 
mainly in the second and third divisions given above and 
are underlaid by sand or rock instead of clay. This differ­
ence in the character of the subsoil under the shallow Iowa 
peats undoubtedly accounts for the fact that unlike the peat 
soils in the states mentioned, potassium has little effect in 
increasing crop production. This point will be discussed 
more in detail in the following pages.
PROPERTIES OF IOWA PEATS 
The peat in the marshes of Iowa exists in all stages of
1.
2. Hopkins, Readheim er & Fisher, Bu.. 111. Agr. Expt. Sta. 157. Hopkins, Readheim er & Fisher, Bull. 111. Agr. Expt. Sta. 157. 
Cohitson & Sievers. Bull. W isconsin  Agr. Expt. Sta. 205. 
Conner & Abbott. Bull. Indiana Agr. Ezpt. Sta. 157.
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Fig. 2—A typical undrained peat bed in Iowa.
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decay, from a brown mass of scarcely altered vegetable fibre 
in which the stems of the original plants are still plentiful 
to a mass of black material in which traces of vegetable 
structure are scarcely discernible. All but the more thor­
oughly rotted peat is porous and spongy, capable of taking 
up and holding large quantities of water, often as much as 
75 to 90%. Even when air-dried, peat retains from 10 to 
25% water. In general, the more fibrous it is and the freer 
from impurities, the greater, the amount of water retained.
Peat, when dry, burns readily, and large areas of peaty 
land have sometimes been ruined by taking fire during a dry 
season and burning to a great depth. It does not burn even­
ly, and large holes will be burned, giving the field a hum­
mocky appearance which makes the use of farm machinery 
difficult and risky. Setting fire to peat to hurry its destruc­
tion is impractical and leaves the field in a worse condition 
than before. The vegetable substance of peat contains a 
large amount of mineral matter, which would be left behind 
in the form of ash if the peat were burned. If the peat were 
completely rotted, this mineral matter would gradually be­
come available for the use of plants, but as long as it does 
not rot, the minerals, and also the supply of nitrogen, re­
main practically entirely unavailable for plant food.
THE COMPOSITION OF IOWA PEAT SOIL
To obtain some idea of the plant-food content of Iowa 
peat soils, several typical samples were secured and analyzed 
and the percentage of various essential constituents ascer­
tained. These samples were taken to diffrent depths, de­
pending on the extent of the peat deposits, and varying from 
five, six, seven, sixteen, eighteen, twenty, twenty-two and 
forty inches. One soil, no. 39, was sampled to the three 
depths, 0-6 2-3", 6 2-3"-20" and 20"-40" and the analyses of 
this peat soil show the distribution of the plant food 
throughout the forty inches of peat.
Samples of the subsurface soils and subsoils underlying 
the peat soils were obtained and these were also analyzed. 
In every case these soils were heavy blue or black clay or 
muck.
In table I will be found the results of the analyses of 
these soils. For the one sample, no. 39, which was separ­
ated into three parts for the three depths, the results were 
calculated on the basis of 2,000,000 pounds of subsurface 
soil per acre (6 2-3"-20") and 3,000,000 pounds of subsoil 
(20"-40"). This same calculation was used in the case of 
those samples which were obtained either through the sub­
surface or subsoil depths. In these latter cases, it was nec-
9
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TABLE I — ANALYSES OF PEAT SOILS
Results are given as pounds per acre in 1 million lbs. of surface soil (0-6%") in 2 million lbs. of subsurface soil
(6%"-20") and in 3 million lbs. of subsoil (20"-40")___________________________ ■ ___
County
Cerro Gordo
W ebster
W ebster
W ebster
W right
Kossuth
K ossuth
W right
W right
W right
W right
W right
o£
om
i 02
So
il 
St
ra
tu
i
St
ra
tu
m
Sa
m
pl
ed
T
ot
al
 C
al
­
ci
um
In
or
ga
ni
c
C
ar
bo
n
T
ot
al
O
rg
an
ic
C
ar
bo
n
T
ot
al
N
it
ro
ge
n
l-
T
ot
al
i 
P
ho
sp
ho
ru
39 Surface 0-6 2-3 42,539
39 Subsurface 6 2-3-20 *97,868
39 Subsoil 20-40 *74,664 *
1H Surface 0-7 11,100
3H Surface 0-5 13,000
5H Surface 0-7 9,300
7H Surface 0-22 34,300
11H Surface 0-40 10,600
13H Surface 0-16 7,500
15H Surface 0-20 7,000
332H Surface 0-18 12,100
346H Surface 0-6 6,300
350H Surface 0-18
354H Surface 0-18
194,350 15,311 1515
*453,000 *31,510 *2624
*545,140 *39,621 *3132
12,100 900
13,900 820
4,400 1200
15,200 1200
12,300 560
5,900 500
5,800 600
18,300 1150
8,100 690
1030
1050
a
— 3
7.800 
*19,600 
*23,700
6,400
5.800 
7,600 
6,200
(These results re calculated on a basis o f 4 m illion lbs. subsurface soils and 6 m illion lbs. subsoils.)
W ebster • 2H Subsurface 7-18
W ebster 4H Subsurface 5-30
W right 6H Subsurface 7-16
W right 8H Subsurface 22-28
K ossuth 14H Subsoil 16-40
W right 16H Subsoil 20-40
A vera ges: 
Surface 
Subsurface 
Subsoils
*Not included in the averages.
37,200
26,000
31,600
84,800
51.000
36.000
15,373
44,900
43,500
11,400 3600 42,400
6,400 2160 42,000
8,400 6400 34,000
21,200 3600
9,000 2400
11,130 934 6,760
11,850 3940 39,466
10,500 2700
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essary to assume a uniform distribution of the constituents 
and recalculate the results of the analyses of the peat sam­
ples on the basis of 1,000,000 pounds of surface soil per 
acre (0-6 2-3").
Some slight variations in the depth of sampling for 
surface, subsurface and subsoil samples were disregarded in 
the calculations as the effects of these variations on the re­
sults were negligible.
In the case of the subsurface arid subsoil samples of the 
blue and black clay which underlie the peat, the analyses 
were calculated on the basis employed for ordinary soils, 
4,000,000 pounds of subsurface soil and 6,000,000 pounds of 
subsoil.
The analyses of these peats were not complete, only a 
portion of the constituents being determined in each case. 
Most of the samples, however, were analyzed for calcium, 
nitrogen, phosphorus and potassium.
Examining the results of the analyses given in the 
table, it will be noted that there is considerable variation 
in the amount of the different constituents present in the 
various peats. This variation is to be expected when the 
method of peat formation is recalled. Thus sample 39 con­
tains 42,000 lbs. of calcium, while 346-H contains only 6,000 
lbs; 332-H contains 18,000 lbs. of nitrogen, while 5-H shows 
only about 4,000 lbs. This latter variation in nitrogen con­
tent might serve as an indication of the extent of decom­
position through which the peat had gone, for the lower the 
ntirogen content the more thorough has been the decom­
position of the plant residues.
In a previous investigation1 the average composi­
tion of the peat samples was determined and compari­
sons made with the composition of the soil in the five 
large soil areas, the Missouri loess, the southern Iowa loess, 
the Mississippi loess, the Iowa drift and the Wisconsin 
drift. In calcium content, the peat soils were found to be \ 
much higher at all depths than any of the five large soil 
areas. The inorganic carbon‘content was determined for 
only one sample of peat, but the high calcium content of all 
the samples indicates jthat Iowa peats are uniformly rich 
in calcium carbonate. In this characteristic, the peat soils 
in Iowa are quite different from those in other states where 
generally acid conditions and the need for lime are quite 
pronounced. On most Iowa peats, therefore, it is unnec­
essary to apply lime to bring about satisfactory productiv­
ity. It is possible that in some instances lime might prove
fit Hopkins, Readheim er & Fisher, Bull. 111. A gr. Expt. Sta. 157.
11
Stevenson and Brown: Improving Iowa’s peat and alkali soils
Published by Iowa State University Digital Repository, 1914
52
beneficial, but although a complete survey of the peat soils 
in the state has not been made, all the samples which have 
been examined have shown no need of this material.
In nitrogen and organic carbon content, as might be 
expected, the peat soils are much richer than those in the 
large areas. The difference is the widest in the organic 
carbon content. There is an abundance of nitrogen in the 
peat soils, and if conditions were made satisfactory for 
bacterial activities, enough of this element in an available 
form would be supplied for the production of maximum 
crop yields.
In phosphorus content the peat soils are somewhat 
lower than the soils in the five large soil areas, some of the 
samples showing marked deficiency, while others were bet­
ter supplied. It was noted in Bulletin 150, already men­
tioned, that none of the soils in Iowa are rich in phos- 
. phorus and that for their permanent fertility phosphorus 
must be applied. Therefore on peat soils this element, while 
not immediately needed, must eventually be supplied. Fur­
thermore, the clay or muck underlying the peats do not 
show any large amount of phosphorus and hence there is 
no possibility of an indefinite supply of this constituent com­
ing from below.
In potassium, the analyses showed that peat soils are 
much lower than the soils of the five large areas. In fact, 
they are so low that it would seem that application of potas- 
sium would be necessary to make them profitably productive, 
but, as has been pointed out, most Iowa peats are shallow, 
and are underlaid by a heavy clay or muck, which is rich in 
potassium. Hence it is reasonable to suppose that crops 
may obtain some of the potassium which they require from 
the heavy clay subsoil. In fact, the experiments, which will 
be discussed later, show that crops on shallow Iowa peat 
soils do not respond profitably to applications of potassium, 
and this is evidently due to the fact that the crops are able 
to get what they need of that element from the underlying 
clay.
Deep peat soils in Iowa may respond profitably to ap­
plications of potassium fertilizers, but, as has been men­
tioned, the experiments given here and recommendations 
made refer only to shallow peat soils.
It is the fact that Iowa peats are underlaid by clay 
and not by sand or rock, which makes the proper method o f  
treatment different from that advised for peats in other 
states.
In general, it may be said that Iowa peats are rich in 
lime, rich in organic carbon and nitrogen, or humus, and
12
Bulletin, Vol. 14 [1914], No. 157, Art. 1
http://lib.dr.iastate.edu/bulletin/vol14/iss157/1
53
poor in phosphorus and potassium. The problem in making* 
and keeping such soils fertile, then, is to secure the best 
physical conditions for bacterial activities and crop growth, 
in which case sufficient nitrogen from the surface soil and 
phosphorus and potassium from the clay subsoil will be sup­
plied for many crops. The use of barnyard manure, green 
manure, phosphorus and potassium will be required for the 
maintenance of the proper supply of plant food for future 
crop yields, or for the permanent fertility of peat soils.
FIELD TESTS OF IOWA PEATS
To test the needs of Iowa peat soils for certain fertil­
izers, field experiments were carried out near Somers, Eagle 
Grove and Ontario, in Webster, Wright and Henry counties, 
respectively, in co-operation with the owners of the farms 
on which they were located and whose assistance is much 
appreciated. These field tests are presented separately and 
from a study of the results secured the best methods of 
treatment of Iowa peat soils are considered.
THE EXPERIMENT AT SOMERS
The experiment near Somers, Webster county, was car­
ried out in 1905 on the farm of L. E. Armstrong. The soil 
of the test plat was fairly well rotted peat, varying in depth 
from 10 to 26 inches, and underlaid with a mixture of muck 
and peat, containing in some cases also small amounts of 
gravel; this material in turn rested upon a black muck.
The peat was drained by two main tiles, 15 inch and 12 
inch, with numerous 4 inch laterals, a system which was 
considered quite adequate by the owner of the land. After 
heavy rains, however, the plots were sometimes under wa- 
3  I I I a few hours, due to the large amount of surface water 
that flowed from adjoining undrained land on the plots and 
temporarily overtaxed the drainage system. The plan of 
the experiment is shown in fig% 3. Ten plots were laid out, 
all within the peat area, two, nos. 105i/2 and 107i/2, being 
two-tenths of an acre; two, nos. 105 and 107, one-tenth oi 
an acre, and the remainder, three-tenths of an acre in size.
Lime in the form of ground limestone was applied to 
two plots at the rate of 2,500 pounds per acre, one receiving 
no further addition and the other receiving also muriate of 
potassium.
Potassium was applied as the muriate (KC1) at the 
rate of 250 pounds per acre to five plots, some of these re­
ceiving also limestone and some bone meal.
Phosphorus in the form of steamed bone meal was ap-
13
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Th e  ¿CxPEP/nENr a t  <3 o n  e p e  -  ¿5 0 5
0 6 C h eck
250/bsXC/,250/M
0 7 Bone T7ea/, per 250/06. /OC/ p er A /07.i
ÌCM
*«
2500 /¿xs. Gypsum p er A-
/05^ 2SOO s^Umesbn 2 5 0 /5s. /OC/ p er A . ¿05zner A.________ ________ _ ________ /__________________
04 250 /¿xs. ¿¡Zone / 7ea/ perA .
* /CO 2 5 0  /5 s  /OC/ p e r  A
/02 2500/¿es ¿/m estone.
¿0/ Check
24 /oc/s
3—The plan o f the experim ent at Somers, 1905.
plied to two plots at the rate of 250 pounds per acre, one 
receiving also muriate of potassium. One plot received an 
application of gypsum at the rate of 2,500 pounds per acre. 
Two plots remained untreated for checks.
The crop grown in 1905 was corn. The yields, calcu­
lated in bushels of 75 pounds, are given in table g j
A heavy rain fell during the week following the appli­
cation of the fertilizing materials and the soluble forms may 
have been carried from one plot to another, thus reducing 
to some extent the differences in yield. The corn was much 
better on the west end of the plots, that portion of the field 
being apparently better drained than the east portion. On 
all the plots, however, the com was quite soft and poor in 
quality, and the calculation of 75 pounds to the bushel is, 
therefore, very conservative.
THE EFFECTS OF THE FERTILIZERS
Considering now the yields of com as given in table II, 
several interesting comparisons may be noted.
Averaging the yields on the two check plots, which were 
42.6 and 62.4 bushels per acre, respectively, a yield of 52.5 
bushels per acre for the untreated plots was obtained.
The lime gave a very slight increase over the untreated
14
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TABLE II.— THE YIELDS OF CORN ON SOMERS FIELD, 1905.
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101 Check 960 42.6 52.5102
103
2500 lbs. L im estone per acre 
250 lbs. M uriate o f Potassium
1220 54.2 54.2 1.7
104
105
(KC1) per acre 1315 58.4 58.5 6.0250 lbs. Bone M eal per acre 
250 lbs. KC1, 2500 lbs. L im e-
1250 55.5 55.5 3.0
105^
stone per acre 495 66.0 66.0 '  15.7250 lbs. KC1 per acre 780 52.0106
107
2500 lbs. Gypsum  per acre 
250 lbs. B one Meal, 250 lbs.
1050 46.6 46.6 D ecrease
107i/2
KC1 per acre 555 74.0 74.0 23.7250 lbs. KC1 per acre 977 65.1108 Check 1405 62.4
C a lcu la ted  on the basis o f 75 lbs. per bushel.
plots, 1.7 bushels per acre, too slight to be of any signifi­
cance. Gypsum showed no beneficial effect on the corn; in 
fact, a smaller yield was obtained where it was applied. 
Bone meal alone increased the yield very slightly, only 3.0 
bushels per acre, indicating that the use of phosphorus is 
evidently of little value on these soils.
The three plots to which the muriate of potassium was 
applied alone gave yields of 58.4, 52.0 and 65.1 bushels of 
corn per acre, an average, therefore, of 58.5 bushels per 
acre. This is an increase of 6.0 bushels per acre over the 
untreated plots. It is obvious from such a small increase in 
yield that the crop was not profitably benefited by the use 
of the muriate of potassium.
When the muriate of potassium and limestone were ap­
plied together, a yield of 66.0 bushels per acre was secured, 
an increase of 15.7 bushels over the check soils. The lime­
stone alone gave a very slight increase and the potassium 
alone only a little larger, but the two materials together 
gave quite an appreciable increase. From the chemical 
studies of peats, however, the .conclusion was reached that 
limestone is not needed in their reclamation. All the samples 
examined showed the presence of abundance of lime. It is 
probable, therefore, that the increase in yield noted in this 
case should be attributed entirely to the potassium.
The fact that the increase is larger than that secured 
on the other plots treated with the potassium may undoubt­
edly be attributed to local peculiarities in this particular 
Plot. The records show that this soil was much better 
drained and drier than the rest of the field, and the plot 
was smaller than the others and on more uniform soil. The
15
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greater yield may, therefore, be largely due to better soil 
conditions in the particular plot. Differences m effects of 
treatment on plots treated exactly alike are frequently noted, 
and hence the advisability of having duplicate plots in all 
field tests. If such variations occur in experiments on nor­
mal soils, similar or even greater variations may naturally 
be expected on peat soils which are known to be so differ­
ent in character and composition and the results secured 
here may be readily understood. . ,
If the yield on the limestone and muriate of potassium 
plot be combined with the yields on the other plots receiv­
ing the muriate of potassium, their average yield is 60.3 
bushels per acre, an increase of 7.8 bushels over the check 
plots. This increase is still too slight to make the use ot 
potassium profitable.
When bone meal and the muriate of potassium were 
applied together, a yield of 74.0 bushels per acre was se­
cured, an increase of 23.7 bushels over the untreated plots. 
Here again the soil was higher and drier, the plot was 
smaller and the soil, therefore, more uniform, so the larger 
yield may have been due to these differences. The increase 
is much larger than either of the materials alone brought 
about, but it is too small to warrant the purchase of the 
fertilizers, even if the increase were considered as due to 
them alone. Two hundred and fifty pounds of the muriate 
would cost $5.75 f. o. b. Chicago; the freight, at an average 
cost of $1.00, would bring the cost of the material up to
Check Lime KC/ Gypsum KC/Bone Heal 
40.6 74.052.5 54.2 58.5
Fig. 4__Influence o f fertilizers on corn crop at Somers, shown graphically.
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$6.75. The bone meal, costing $3.43 f. o. b. at Chicago, and 
with the same average freight, would mean an expense of 
$4.43. The total cost per acre of treatment with the muriate 
and bone meal in the amounts used would be $11.18. Twen­
ty-three and seven-tenths bushels of corn at 40 cents per 
bushel would mean an increased income of $9.48. It is evi­
dent, therefore, that the increase brought about by these 
materials is too small to make their application profitable, 
unless some value is attached to the "fertilizing constituents 
which are left in the soil and may serve for future crops.
Fig. 4 represents graphically the influence of the vari­
ous fertilizing materials on the corn crop. It is apparent 
from this figure that gypsum and limestone exerted no ap­
preciable influence on the yield of corn on these peat soils; 
bone meal and muriate of potassium increased the yield to a 
very slight extent, but these two materials together gave a 
much larger increase; the largest obtained with any of the 
treatments. The limestone and potassium together also gave 
a much larger increase than either of the materials alone, 
but the yield should probably be considered as due to the 
fact that the soil was more uniform and better drained, or 
it may be due to the potassium, and in that case it should 
be averaged with the yields of the other plots receiving the 
potassium. In no case, however, was the increase in the 
yield for the one season sufficient to warrant the purchase 
and application of fertilizing materials. It must be empha­
sized here again that this statement refers only to shallow 
Iowa peats. Deep peats would probably respond to applica­
tions of potassium.
THE SOMERS EXPERIMENT IN 1906
In the following year, 1906, the experiment at Somers 
was continued, using somewhat different treatments on the 
same plots. Thus the plots which the previous year received 
lime and gypsum were untreated and served as check plots. 
Potassium was applied in the form of the sulfate at the rate 
of 250 lbs. per acre to the same plots which received the 
muriate the preceding year, and also to plot 108, which was 
untreated in 1905. Plots 105 and 105^ were treated as 
one plot, and the crop yield on the whole area obtained. 
Similarly the corn on plots 107 and 107y2, the former of 
which received 250 lbs. of bone meal per acre in addition to 
the sulfate of potassium, was harvested as one crop, and the 
result secured is attributed to the sulfate, disregarding the 
slight effect of the bone meal.
The arrangement of plots is shown in fig. 5. Com was
17
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\ffl 250/5& Su/5o/e o f Pofoss/um (faSQf) poo A-
_  250/bs JOSQf /07 250/ès Done ffea/ per A---------------------------
250/hs/¿SO f per A. /07è
¡00 Check
/03 ?50/ht : k2e04 p er A. /052
m 250/¿xs. Bone ffe a / p er A.
/03 260/hs. k?<S04 p er A .
/O? Check
/o / Check
24 rods
Fig. 5—Plan o f the experim ent at Som ers in 1906.
grown again on the plots and the yields given are calculated 
on the basis of 80 lbs. per bushel.
Examining the results given in table III, it is seen 
that the untreated soils yielded 48.9, 53.1 and 64.5 bushels 
of corn per acre, or an average of 58.8 bushels. Bone meal 
gave an increase of 10.2 bushels per acre over the check 
plot, but that increase was too small to show the use of 
phosphorus to be profitable.
Combining all the plots receiving the sulfate of potas­
sium, including also the plot to a part of which bone meal 
was also applied, an average yield of 65.6 bushels per acre 
was obtained. This is an increase of 11.8 bushels over the 
untreated soils, a gain too small to show the application of 
potassium to be profitable.
Combining the plots receiving potassium, but exclud­
ing that to which the bone meal was applied, an average 
yield of 63.9 bushels is obtained, a gain of 10.1 bushels over 
the check soils. This gain is, of course, too small to war­
rant using the potassium.
If the yield on plots 107 and 107!/^, harvested as one 
plot, is considred due to the combined action of the 
bone meal and the potassium, even although bone meal was 
applied to only a part of the area, the yield is 70.8 bushels 
per acre. This is an increase of 17.0 bushels over the check
18
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TABLE III.— THE YIELD OF CORN ON SOMERS FIELD, 1906
Treatm ent
3§ «
m
a>ftS. v
M
Hi aa 2
-§g
H
<V 0) g H
P O
101
102
Check
Check 10551275
43.9*
53.1
53.8
I—1 éJggjgg
103 250 lbs. Sulfate o f Potassium
104
(K2SO4) per acre 1415 58.9 63.9 10 1250 lbs. P one M eal per acre 1545 64.3 64.3 10Ì5105 
1051/2
106
250 lbs. Sulfate o f Potassium  
per acre 
Check 15501550
64.5
64.5107 250 lbs. K.2SO4, 250 lbs. Boner
107%
108
Meal per acre 
250 lbs. K2SO4 per acre 
250 lbs. K2SO4 per acre
1700
1640
70.8
68.3
70.8 17.0
♦Calculated on the basis o f 80 lbs. per bushel.
plots, which, however, is smaller than that secured the pre­
vious year on the similarly treated plot. Inasmuch as the 
larger yield in 1905 was too small to make treatment profit­
able, it is clear that the increase in 1906 was too small to 
warrant the treatment of the soil with sulfate of potassium 
and bone meal.
A graphic presentation of the crop yields on the differ­
ent plots is given in fig. 6. The effects of the bone meal 
and the sulfate of potassium applied alone to the peat soil 
is shown to be of rather slight importance. The bone meal 
and sulfate applied together bring about a larger influence. 
In both cases, however, the increase is too small to warrant 
the use of the materials.
The growth of timothy and alsike clover on this peat
was attempted in 1907 and a 
good stand was secured, but 
a heavy rain in the early 
s u m m e r  practically de­
stroyed the crop. The yields, 
therefore, were not obtained 
.and no results can be given. 
The experiment at Somers 
was discontinued in 1907. 
The use of timothy and al­
sike clover on peat soils is 
believed to be quite desirable 
and later experience has 
shown that such a crop is 
much better calculated to 
produce a satisfactory yield 
for several years after recla­
mation than com.
Check kgS04 Bone /I2SQ4
hfea/ Bonektsa/
64.3 70.3
h Ih  Influence o f  different fertilizers 
on crop yields at Somers.
03.0 639
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CONCLUSIONS FROM THE SOMERS EXPERIMENT
It is evident from the results of the tests on the peat at 
Somers that the soils needed mostly improved physical con­
ditions, such as might be secured by drainage, deep plowing, 
cultivation, etc. The use of potassium was apparently of 
little effect and showed that with improved physical condi­
tions the crops could secure ample plant food from the store 
already present in the soil.
The fact that potassium did not bring about the same 
effect on these shallow Iowa peats as they have done on the 
peats in other states, leads to the conclusion that because 
Iowa peats are shallow and underlaid with heavy clays and 
mucks rich in potassium the crop roots penetrate through 
the peat and obtain sufficient potassium from the subsoil. 
If the peat is so deep that the crop roots cannot penetrate 
through to the subsoil, applications of potassium might 
prove profitable.
THE EXPERIMENT AT EAGLE GROVE.
This experiment was carried out on the farm of William 
Curts, near Eagle Grove, in Wright county. The soil was a 
shallow peat, 8 to 12 inches in depth, and underlaid with a 
black muck from 12 to 86 inches in depth. Below this there 
was a brown sand. The peat was apparently quite ade­
quately drained. The plan of the experiment is given in fig. 
7. Ten plots were laid out, each one-tenth of an acre m
size. ¡11 K- , .
Limestone was applied to four plots at the rate of one 
ton per acre, three of them receiving muriate of potassium 
also. Muriate of potassium was applied at the rate of 200 
lbs. per acre to five plots, and at the rate of 300 lbs. per 
acre to plot no. 110. Of the five plots receiving the muriate, 
two also received lime and one bone meal. Bone meal was 
applied at the rate of 200 lbs. per acre to two plots, one of 
which also received lime and the other muriate.
The crop grown in this experiment was corn, and spe­
cial care was used in the preparation of the soil. The land 
was fall plowed and the following May the fertilizing ma­
terials were applied and the corn planted. The plots were 
kept free from weeds, the corn receiving six cultivations.
THE EFFECTS OF TREATMENT ON THE CROP
The yields obtained on the plots in this experiment are 
given in table IV, the results being calculated in 80 lb. 
bushels.
The table shows that the differences in yields on the 
different plots are too slight to be of much importance. The
20
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HO 300/b e  K C/per. 
¿>cr&
tQ9 200/bsk C /, 200 //&
/08 200/ixs. /OC/,2000/M 
Lim e6/one p er  A
107 200 /b& kZ7per A .
J0 6  C h e c k
average yield on the check plots was 57.5 bushels of corn 
per acre. When lime was applied there 
was an increase of 6.2 bushels over the 
check soil, but this difference was so 
small that it may have been due to varia­
tions in the plots and not necessarily to 
the effect of the lime. The muriate of 
potassium gave practically no increase 
whatever, only 1*2 bushels more than the 
check soils being obtained.
The potassium and limestone together 
gave exactly the same increase as was ob­
tained with the lime alone, 6.2 bushels 
per acre, again too small an increase to be 
considered- The bone meal and lime to­
gether gave practically the same yield as 
the unterated soils and hence had no ef­
fect on the crop.
The bone meal and potassium applied 
together gave a very small increase, only 
2.5 bushels per acre in excess of the yield 
on the check plots being obtained. The 
increased yield noted in the Somers ex­
periment, when the potassium and bone 
meal were applied together, was not 
found in this case and these results indi­
cate, therefore, that the differences noted 
in the Somers experiment may have been 
due largely to variations in the plots..
105 2O0/bs. Bone /7ea /, 2000/b& L/mee/one/A
/04 ?0 0 /b s.//a 2000/56 
A
/03  2O O /bs/0C/perA.
/0 2  2000/be. ¿im esto/n "js 
p er A . n
fO/ Check
B ra d s
Fig-. 7—Plan o f the ex ­
periment at Eagle 
Grove, 1905.
TABLE IV.— THE YIELD OF CORN ON EAGLE GROVE FIELD, 1905
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101 Check 465 58.1 57.5 6.2102
103
2000 lbs. L im estone per acre 
200 lbs. M uriate o f Potassium
510 63.7 63.7
104
(KC1) per acre 
200 lbs. KC1, 2000 lbs. L im e-
475 59.4 58.7 1.2
105
stone per acre
200 lbs. B one Meal, 2000 lbs.
495 61.9 63.7 6.2
106
Lim estone per acre 475 59.4 59.4 1.9
Check 455 56.9
107
108
200 lbs. KC1 per acre
200 lbs. KG1, 2000 lbs. L im e-
485 60.6
109
stone per acre
200 lbs. Bone Meal, 200 lbs.
525 65.6
60.0 2.5
110
KC1 per acre 480 60.0
300 lbs. KC1 per acre 450 56.2
*Calculated on basis o f 80 lbs. per bushel.
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£ 7 £  03.7 £8 .7
Fig. 8—Influence o f fertilizers on
/fC/ B on e B one 
L/me ¿/m e /{C/
6 3 .7  3 0 4  60B
yield in experim ent at E agle Grove.
None of the fertilizing materials applied in this experi­
ment gave effects which would at all warrant their use.
Fig- 8 represents the yield under the different treat­
ments, and shows quite clearly the lack of effect exerted by 
lime, phosphorus or potassium when applied to these peat 
soils. The earlier results already discussed are confirmed 
by this experiment and the conclusions drawn there may be 
repeated here.
The shallow peat soils of Iowa, of which the area in 
this experiment is representative contain sufficient nitrogen 
and phosphorus for satisfactory crop growth, and the pot­
assium needed is supplied by the underlying muck or clay, 
both of which are rich in that element.
What these shallow peat soils need, therefore, is not a 
supply of plant food, but the proper adjustment of the phys­
ical conditions, drainage, cultivation, etc., so that the plant 
food constituents already present in the soil may be changed 
into forms available for crop nourishment, and proper man­
agement until the peat becomes compacted and more com­
pletely decomposed.
THE EXPERIMENT AT ONTARIO.
The experiment at Ontario, in Story county, was car­
ried out on the farm of E. W. Stanton and Herman Knapp. 
The soil was a typical shallow peat and was well drained. 
The plan of the experiments is shown in fig. 9. Eight
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large plots were laid out, seven of them a half acre, and one 
a quarter acre in size. Two plots received lime at the rate 
of one-half ton per acre, one of these also receiving muriate 
of potassium. Muriate of potassium was applied to three 
plots at the rate of 200 lbs. per acre, one of these plots also 
receiving lime and another dried blood at the rate of 800 
lbs. per acre and bone meal at the rate of 200 lbs. per acre. 
One plot received an application of bone meal at the rate of 
200 lbs. per acre; one 8 tons of manure per acre and two 
plots were untreated for checks.
Corn was grown on the north section of the plots in 
1905 and on the south part potatoes, onions and tomatoes. 
Timothy and alsike clover, mammoth clover and red clover 
were also grown on portions of the field. None of the yields 
of these various crops, except the corn, was secured, and 
hence no data is available regarding them. It may be men­
tioned, however, that the potatoes, tomatoes and onions 
gave excellent yields on this land and the timothy and alsike
/ V e s t
1 0 / 8  I o n a  M a n u r e  p e r  a c r e
/ & 2 C h e c A
/ Q 3
t
/ O O O  / B s .  L / m e s / o n e  p e r  a c r e
/at 2 0 0 / / > s . t 1 u r / a f e  o f  P o t a s s / u m  O C C / J  p e r  a c r e
, /o6 7 0 0 / f s . f V / ,  / O O O / f r s .  L i m e s t o n e  p e r  a c r e
/ 0 6 2 0 0 / f s .  B o n e  M e a t  p e r  a c r e
8
I
°"> "ft£
/0 7  ChecAr
/08___8QQ/M th'et B/ooct, 2W//2S./20/ 2W/ts.Bone ft/peraas
i1
I
1iiiSJ
26  §■ roofs 
f a s t
Fig. 9— Plan o f the experim ent at Ontario in 1905 and 1906.
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clover also made a very satisfactory growth. The growth 
of such crops, particularly the vegetables, is undoubtedly 
of more value than the growth of corn on newly drained 
peat soils.
Six rows of corn were harvested across the field and the 
yields obtained are given in table V, calculating on the basis 
of 80 lbs. of corn per bushel.
Examining the yields given in the table, it is seen that 
there is very little variation in the crop secured under the 
different treatments. The average yield for the untreated 
plots was 26.45 bushels per acre. The manure alone in­
creased this very slightly, 4.35 bushels. Limestone gave 
likewise a very small increase, 3.35 bushels. Muriate of 
potassium increased the yield practically not at all and the 
muriate and lime together and the bone meal alone gave 
slightly smaller yields than the check soils. The plot receiv­
ing muriate, bone meal and dried blood gave a yield of 32.4 
bushels per acre, an increase of 5.95 bushels over the un­
treated soils.
It is apparent that none of the materials added in this 
experiment gave any appreciable increase in the crop of 
corn. The differences observed were so small that they 
might well be attributed to slight variations in the plots, 
such small differences often occurring between the results 
from plots under the same treatment.
The results of this experiment are shown clearly in 
fig. 10. The non-effect of all the material added to the soil 
is readily seen from this figure.
TABLE V — THE YIELD OF CORN ON ONTARIO EXPERIMENT
FIELD, 1905*
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101 Manure 490 30.78 30.78 4.33
102 Check 479 30.1 26.45
103 1000 lbs. L im estone per
acre 469 29.7 29.7 3.35
104 200 lbs. M uriate o f P otas-
sium  (KC1) per acre 431 27.1 27.1 0.65
105 1000 lbs. L im estone, 200
lbs. KC1 per acre 417 26.2 26.2 Decrease
106 200 lbs. B one Meal per
acre 400 25.15 25.15 Decrease
107 Check 363 22.8 Decrease
108 800 lbs. Dried B lood
200 lbs. B one Meal
200 lbs. M uriate o f 516 32.4 32.4 5.95
Potassium  per acre
*6 row s harvested across field.
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Check /lanose Lf/ne /CC/ L/m e Bone Bone 
' KC/ AM
B/oocf 
3 2 4
Fig. 10—The influence o f fertilizers on corn yield  at Ontario in experim ents
in 1905.
2645 30.73 20.7 27/ 26.2 25/5
THE ONTARIO EXPERIMENT IN 1906
In the succeeding year the experiment on the Ontario 
held was continued, the treatment being the same, except 
that plot 101 was seeded to oats and received no manure and 
the plots to which lime was applied in 1905 received no fur­
ther addition of this material. The corn was planted rather 
late, of necessity, and this fact, together with the abundance 
ot moisture retained in the peat, prevented the proper ma­
turing of the crop. The corn was also injured seriously by 
the-wire worms. The yields on these plots in 1906 were con­
sequently rather low.
The yields of corn were obtained on the various plots 
oy harvesting four rows across the plots. The bushels per 
acre on the various plots, calculated on the basis of 80 lbs. 
of corn per bushel, are given in table VI.
..™ tt is evident here again that there are only very slight 
aifterences m the corn on the variously treated plots The 
average yield on the check plots was 20 bushels per acre, 
munate of potassium gave an average increase on the two 
plots to which it was applied of 1.45 bushels. Phosphorus, 
Í| S S  .m Ü  bone meal, as in the previous year, gave no 
1IÜ I1 in J1fld- The yield on the plot receiving dried blood, 
nBHm G B  bone meal was somewhat larger, an increase of 
mV bushels over the yield on the check plots being found.
M i M M a  observed on the treated plots over the check 
l 906 wer.e as |ma11 as those secured in 1905, and the 
m a w w m m  definitely that phosphorus and potassium
effect oVtheVVop3* ^  “  thlS l0Ca'Íty “ ° profitable
flo- ,The je!,ults of the experiment in 1906 are shown in 
clearly s e e n *  TCry SImilar yields on a11 H  Plots may be
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TABLE V I— THE YIELD OF CORN ON ONTARIO EXPERIMENT
FIELD, 1906
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GENERAL CONCLUSIONS FROM FIELD TESTS
The results of the tests on the Ontario experiment field 
confirm the results previously discussed which were carried 
out near Somers and near Eagle Grove. In all cases, the 
fertilizing materials used produced no profitable effect on 
the growth of corn on the shallow peat soils.
Limestone, gypsum, phosphorus and potassium applied 
alone or in combination, in amounts in which such materials 
are usually applied to soils, led to no profitable increase and 
in most cases the variations in yields on the treated soils 
from those on the check plots were only such as might well 
occur between duplicate plots.
It is quite evident, therefore, that the shallow Iowa 
peats do not need the addition of commercial fertilizing ma­
terials to make them productive. What they need is phys­
ical improvement, which may be accomplished by drainage, 
cultivation and other practices.
KC/
Bone
200 2145 H  BBË
Fig. i i — The influence, o f fertilizers 
on corn yields at Ontario in experi­
m ents in 1906.
There is apaprently suffi­
cient nitrogen in peats them­
selves to supply crops, when 
the physical conditions are so 
arranged that it is trans­
formed into available forms 
rapidly enough.
While the analyses given 
earlier in this bulletin show 
that peats are deficient in 
phosphorus and potassium, 
there is not a profitable in-
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crease in crop yields when potassium salts and phosphorus 
fertilizers are added to them. Evidently the crop roots 
penetrate through the shallow peat layer and obtain all the 
phosphorus and potassium they require from the heavy clay 
or muck subsoil, which is rich in those elements. As has 
been noted, the results with deep peats might be very dif­
ferent, but no experiments with them have been carried out.
METHODS OF TREATMENT OF PEAT SOILS.
The shallow peats of Iowa may be reclaimed through 
proper methods of treatment and cropping. What are the 
best methods of treating them and how may they be most 
quickly and effectively reclaimed V These are questions 
which are constantly being asked.
Three factors should enter into the management of 
peat soils. First, and perhaps most important, drainage; 
second, plowing, rolling, cultivating, manuring and general 
preparation of the seed bed; third, the correct choice of the 
crop best suited to the soil. Under this latter point the 
grassing and pasturing of peat lands will be discussed.
DRAINAGE
The first, and perhaps the most important operation in 
the reclamation of peat soils is their drainage. Peat beds 
cannot be drained as an ordinary slough. The extraordinary 
ability of peat to hold water and the fact that peat deposits 
are found in low places which receive the drainage from a 
considerable adjacent territory must be kept in mind. In 
many instances peat soils which have yielded as high as 80 
bushels of corn per acre in favorable seasons have been ren­
dered unproductive in seasons of heavy rainfall, because of 
the flood of water from the high land nearby washing over 
them.
Efficient drainage of peat soils can only be secured by 
the use of sufficient tile of ample size and the observance of 
special precautions to render them efficient, such, for in­
stance, as the furnishing of proper outlets. The removal of 
flood waters which sometimes in great volume sweep down 
on the low-lying, basin-like area of peat soil must also be 
given special attention. It is usually advisable to lay a spe­
cial drain to carry away such flood water and prevent it 
spreading over the low peat areas in seasons of heavy rain­
fall.
The depth to which tile should be laid in shallow peat * 
is a matter of considerable importance. If laid within the 
zone of undecayed material, the shrinkage of the peat due
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Fig. 12__A  drainage ditch w hich has reclaim ed a peat soil.
to decay and settling may bring the tile too close to the sur­
face, making it necessary to relay them. The most econom­
ical and effective drainage is secured when the tile are laid 
in the underlying muck or clay. They must not be placed 
too deep in the subsoils, however, as these are usually quite 
impervious to water and air.
Where the peat is very shallow and the tile must be 
located at considerable depth in a close subsoil, they may 
often be made to drain better by covering them at points a 
few rods apart with straw, gravel, cinders or any material 
which will keep the soil open and thus give the water a 
ready passageway to the drainage system.
Keeping in mind the facts, then, that as peat soils re­
tain water so much more readily than other soils, a more ex­
tensive drainage system is necessary, that the flood water 
from the upland should be drained away from and not over 
the peat, and that the drains should be laid at the proper 
depth, there should be no difficulty in securing a thorough 
and satisfactory drainage of peat soils.
THE PREPARATION OF PEAT SOILS FOR CROPS
After good drainage has been secured, the next factor 
to be considered is the preparation of the soil for crop 
growth.
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In the first place, fall plowing of peat soils is best, since 
in that way the soil is exposed to the action of the frost, 
rain and snow during the winter, which aids materially in 
the decay of the peat. The more rapid the destruction of 
the peat, the more quickly the soil becomes satisfactorily 
productive, for then the physical character of the peat is 
changed, getting more compast and losing slowly its enor­
mous water-holding power. Furthermore, the plant food 
constituents are made available niore readily and crops 
grown on the soil are supplied with the necessary elements 
in sufficient amounts to insure satisfactory growth. Fall 
plowed peats may also be worked earlier in the spring and 
hence the seed bed more thoroughly prepared.
Deep plowing of peat soils is of considerable advantage, 
particularly when the peat is very shallow and it is possible 
to bring about a mixing of the heavy muck or clay subsoil 
with the peat. That improves the physical conditions in the 
peat; the potassium and phosphorus in the sub-soil are 
brought up, the chemical character of the peat is improved 
materially and its crop-producing power is immediately in­
creased by such mxing. Where the peat is deeper and the 
sub-soil cannot be reached by the plow, deep plowing is not 
s®la(^ vantageous. Even in such cases, however, it is advis­
able, for thus a larger portion of the peat is opened up to the 
action of the air, and its decomposition to a much greater 
extent accomplished.
It is often asked whether rolling improves the condition 
ot peat soils. Experiments in Wisconsin have shown this 
practice to be of much value on their deep peats, as the soil 
is compacted and a firmer seed bed is secured. There would 
be less value in such a practice on the shallow Iowa peats— 
m tact, so much less it is doubtful if it would be warranted.
* urthermore, where the peat layer is rather thin, rolling the 
soil may actually be injurious, as the compacting may be too 
thorough and decomposition thereby be checked. Only 
where the peat is over sixteen inches in depth should rolling 
be practiced. «
The frequent cultivation of peat soils is of great advan­
tage m opening them up, and thus hastening the decay of 
the partly decomposed fibrous matter which, as has been 
pointed out, makes the soil more productive.
Frequent cultivation also keeps the weeds in check, and 
alter peat is newly drained should be practiced during at 
east the early part of the season before seeding to any crop, 
the destruction of the peat is thus hastened, and the elimi- 
nanon of objectionable weeds is secured and their interfer­
ence with crop yields is prevented.
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With proper management, the shallow Iowa peats may 
be satisfactorily productive without the use of commercial 
fertilizing materials. Although the peats themselves are 
short in potassium, applications of potassium salts do not 
increase the yields to any appreciable extent, because the 
clays and mucks underlying them are rich in potassium and 
evidently are able to supply that element to the crops. Other 
fertilizing materials are of as little value when used on the 
shallow Iowa peats as potassium compounds, or even less. 
Although the peats are not high in phosphorus, application 
of bone meal has little or no effect. There is an abundance 
of nitrogen in peat and improvement of the physical condi­
tions makes this available and the use of any commercial 
fertilizer containing it is, therefore, unnecessary. These 
shallow Iowa peats are not acid, but basic in reaction and 
contain much lime and the use of limestone is, therefore, not 
recommended. _ i _
* Manure has not been found to have any marked effect 
on peat soils, because such soils contain an abundance of 
nitrogen and organic matter. It may be advantageous to 
apply a small amount of manure to newly reclaimed peat 
because of the introduction of bacteria which will increase 
the decomposition processes. Unreclaimed peat is deficient 
in bacteria. While drainage and physical improvement of 
the peat increase their number, a small application of ma­
nure will increase them much more rapidly. Large appli­
cations, however, are quite unnecessary, and the manure 
had better be placed on land more in need of organic matter 
and humus. Experiments have shown also that it is ex­
ceedingly difficult, and in some cases impossible, to keep the 
weeds out of corn that is grown on heavily manured peat. 
The cultivators do not kill the weeds; they tend to push them 
aside, but do not uproot and destroy them.
THE CHOICE OF A CROP
The farmer who tiles out an area of peat and expects to 
secure a good crop of corn or small grain the first few years 
is likely to be sorely disappointed. The corn may not ma­
ture and the small grain crops may develop an abundance 
of straw and little grain and will usually lodge easily. The 
abundance of nitrogen in the peat is the cause of this poor 
growth of such crops. Of course, there are fields of peat on 
which corn has been grown successfully soon after the land 
was drained, but this crop cannot be depended on when 
planted on raw peat.
Probably the best crop to seed on newly reclaimed peat 
* land is a mixture of timothy and alsike clover. This may
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Fig. 13— Celery grow ing on a peat soil at Ontario, 1907.
be cut for hay, but it is preferable to use it as pasture, as 
the tramping of the stock will serve much the same purpose 
as rolling or cultivating, and the peat will be compacted 
and be more completely decomposed. This practice has been 
followed by a number of Iowa farmers, who report that as a 
result of the combined effect of the tramping of live stock 
and of decay, two or three feet of peat have in time been 
reduced to a few inches of fairly good black soil, well suited 
for corn growing. After pasturing in this way for two or 
three years, corn may be grown successfully and a little 
later small grain crops will grow satisfactorily. But it is 
not advisable to attempt the growth of either corn or small 
grams on newly reclaimed peat soils.
• » Many vegetables have been found to produce very sat­
isfactory growth on reclaimed peat soils. Onions, celery, 
tomatoes and potatoes all gave Excellent results on the ex­
periment plots near Ontario. The yields of each of these 
crops was large; their quality was of the best and they sold 
readily at the highest market prices. Results in Michigan 
snow remarkable yields of onions on muck lands, and some 
f 1SCuuSm Pea s^ are reported to be well suited to the growth 
01 ^ee s^> potatoes and turnips. Such crops would
S? Prove valuable on Iowa peats, and their use
snould be encouraged.
The successful growth of most crops on peat soils de­
pends on the state of decomposition in which the peat exists;
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the further the decay has proceeded, the better is the con­
dition of the soil. The growth of timothy and alsike clover 
on newly reclaimed peat soil and using it for pasture is the 
practice most generally recommended, therefore, as a good 
crop is secured which may serve for feeding purposes and 
the destruction of the peat is hastened also. In cases where 
timothy and alsike are not satisfactory, millet may be 
grown, although this is not, as a rule, as profitable a crop 
as timothy, or it is recommended that some vegetable or 
truck crop be grown, choosing that one which is best suited 
to the section in which the peat is located.
After two or three years of pasturing or of growing 
truck crops, corn or small grain may be seeded and success­
ful crops may be secured.
THE “ALKALI”  SPOTS IN IOWA.
The so-called ‘alkali” spots in Iowa are mainly asso­
ciated with peat deposits, and hence they occur practically 
entirely within the Wisconsin drift soil area. Such spots 
are usually found in connection with swales, ponds or 
sloughs that have recently been drained and brought under 
cultivation. They do not occur in the lower parts of the 
sloughs which have at some time been more or less covered 
with water, but nearly always in a belt around the low spot 
and coinciding with what might be called the bank of the 
slough. This belt may vary in width from a few feet to 
several rods, and it may cover an area of a few square rods 
or of several acres.
The occurrence of “alkali” spots is first noted by the 
apeparance of a whitish deposit on the surface of the soil, 
which gives the ground the appearance of having been light­
ly strewn with a fine white powder. Wherever such a de­
posit appears, corn will produce only a stunted growth of 
stalk and no grain, while the growth of other crops, such as 
timothy, is restricetd, but to a much less extent.
THE ORIGIN OF “ALKALI” SPOTS
The origin of these “ alkali” spots, just as in the case 
of peat soils, may be traced to the conditions existing after 
the retreat of the great glacier which once covered the re­
gion now known as the Wisconsin drift soil area. After 
the retreat of the ice sheet, the surface of the ground was 
left pitted by small basins without outlets. Water accumu­
lated here, washing in from the surrounding land following 
each rain storm. This water carried, either in suspension 
or in solution, quantities of matter obtained from the soil
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over which it passed. The suspended material settled out 
near the edge of the pond and the finer portions were de­
posited farther from the shore. This explains the occurrence 
of the sandy subsoil often found under “ alkali” spots and 
the presence of the black, silty muck which commonly un­
derlies the peat deposits.
The material carried into these ponds in solution re­
mained in that condition and the salt content of the water 
increased during the passing centuries. When such a pond 
is finally tiled and the water- is drained out, the soluble ma­
terials which the water carried in solution do not immedi­
ately disappear. The soil has the power of retaining soluble 
salts, and it usually takes several years for the salts pres­
ent in ‘alkali” spots to be washed out by the drainage water.
The evaporation of water from soil occurs much more 
rapidly where the soil particles are large. Hence around 
the edges of the depressions where the coarser materials 
have been deposited there is a much quicker loss of water 
into the air than in the center of the area where thé finer 
particles settled out. As the water evaporates from the 
surface soil, the salts which it contained are deposited. More 
water, carrying salts in solution? is brought up by capillary 
action from the lower soil layers and as this evaporates 
more salts are left on the surface of the soil. The rapide 
evaporation of water from around the former ponds and 
sloughs, therefore, may be considered the cause of the de­
posit of salts on the surface. Within the depression the 
evaporation is comparatively slight and the salts contained 
in the water there are carried away in the drainage water.
All the ponds and sloughs in the Wisconsin drift soil 
area do not show this deposit of salts after they are drained, 
but a large majority do, and there is need, therefore, that 
special precautions be observed in draining such areas to 
insure the rapid removal of the salts in solution in the soil 
water.
THE CAUSE OF THE “ALKALI” SPOTS
The soluble salts carried in the soil water in recently 
drained ponds and sloughs may be considered the cause of 
the ‘alkali” spots. These salts are not in any way produced 
by the process of drainage. They were present previously 
in the soil, but their presence was masked by the water­
logged condition of the soil, which was in itself sufficient 
cause for unproductiveness.
The salts which occur in such ‘alkali” soils are quite 
variable. There is always an abundance of calcium carbon­
ate, as appears plainly from the occurrence of a large num-
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ber of shells of snails and other water animals. This ma­
terial of itself would not be injurious, as it is insoluble, but 
in soils where there is a large production of carbon dioxide 
(C02), it is changed to calcium bicarbonate (Ca (HC03) 2), 
which is soluble. There is a considerable production of this 
salt in the soil, and when the water evaporates from the 
surface the bicarbonate is deposited on the surface as the 
carbonate.
Small amounts of magnesium carbonate are also always 
present, and this is likewise changed to the bicarbonate by 
the soil water containing carbon dioxide (C02), and when 
the water evaporates magnesium carbonate is deposited on 
the surface.
Finally there are present a large variety of other salts, 
none of which is common to all ‘alkali” soils. Thus, in 
some cases an excessive amount of nitrate is found, while in 
others an abundance of sulfate occurs. In all cases, how­
ever, there is a larger amount of sodium (Na) than occurs 
in the normal soil adjoining the “alkali” area. In some 
cases this may be present as the bicarbonate, in others as 
the sulfate and in still others as the nitrate. Just how this 
sodium may be linked up with the acids present cannot, of 
course, be exactly determined. The presence of one or more 
of the above mentioned salts may, however, be quite safely 
assumed from the chemical affinities of the elements in­
volved.
The variation in the character of the “ alkali” soils may 
be readily understood if the variable nature of the com­
pounds occurring in different soils and the wide differences 
in the physical, chemical and bacteriological conditions in 
soils are recalled.
The cause of the “ alkali” spots, then, may in general be 
said to be an excess of soluble salts in the soil water, and 
among these salts there occur some sodium compounds. The 
total concentration of salts, however, and not the sodium 
salts, may be considered responsible for the injury crops 
sustain when grown on “alkali” §oils.
THE TREATMENT OF “ALKALI” SPOTS
Just as in the case of the peat soils, the first essential 
for the remedying of “alkali” conditions in soils is proper 
; drainage. While it is true that such “alkali” spots do not 
i usually make their appearance until a soil is drained, the 
| drainage, as has been pointed out, does not produce the diffi- 
| culty, but merely removes the excess of water which pre- 
| viously has concealed the high content of salts in the soil.
If proper drainage is secured, the difficulty from such
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“alkali” spots will be much less and more quickly remedied. 
If lines of tile are laid around the slough or pond, as well as 
through the center, the drainage will be much improved. 
These two lines will then run through the area where the 
“ alkali” is most likely to make its appearance and the wash­
ing out of the excess of salts will proceed much more rap­
idly. Below the slough the two lines of tile may run to­
gether and the additional expense involved in laying the 
tile will be slight. There will be no difficulty from a fail­
ure of the tile at the sides to drain the central part of the 
depression if this is not too wide. In such a case, it is ad­
visable to lay a third line of tile through the center of the 
slough.
The proper laying of tile in this way when draining 
ponds or sloughs may prevent the occurrence of the “alkali” 
deposit to an extent to be injurious.
In cases where the depression or swale has already been 
tiled out and the “alkali” spot is fully developed, if the 
farmer does not wish to go to the expense of laying extra 
tile, the best method of getting rid of the “alkali” is to apply 
heavy dressings of manure. Straw or any kind of vegetable 
matter plowed under will also serve to hasten the disap­
pearance of the “alkali.” In fact, it is often advisable to 
sow oats on such ground, and when the greatest growth of 
straw has been attained to plow under the entire crop. Such 
-materials should be plowed under to a depth of six or seven 
inches.
In any of these ways there is introduced into the soil 
a large amount of organic matter which readily decomposes. 
In this decomposition there is a large production of acids 
and these react with the salts present and hasten their re­
moval from the soil.
The larger the amount of manure or straw applied and 
the greater the crop turned under, the quicker will be the 
action which leads to the disappearance of the “alkali.” 
Manure gives the greatest action for the reason that it con­
tains an enormous number of bacteria and they increase 
greatly the decomposition processes. Where enough manure 
cannot be secured and straw or green manures must be ap­
plied, it is advisable to add a small amount of manure with 
the straw or green manure in order to increase the number 
of bacteria present.
SUMMARY
The study of the peat and “alkali”" soils in Iowa has led 
to the following conclusions:
1. There are two classes of peat deposits in Iowa, the
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shallow and the deep peats. The former are from a few 
inches to 3 or 4 feet in depth, while the latter are from 5 to 
15 feet in depth and are of commercial value as fuel. The 
study of Iowa peats from the agricultural standpoint has 
been confined, therefore, to the shallow peats and the con­
clusions drawn apply only to these peats and not to the deep 
peat deposits.
2. The shallow Iowa peats are Underlaid with a clayey 
or muck sub-soil. The character and composition of this sub­
soil has an important influence on the needs and treatment 
pf the shallow peats.
3. There is an abundance of lime in all the shallow 
Iowa peats tested, and there is no need, therefore, for the 
application of this material.
4. As might be expected, these soils contain a large 
amount of nitrogen and organic matter. The use of manure, 
except in small amounts, is, therefore, not necessary on 
these soils.
5. The potassium and phosphorus content of these 
peats is low. The muck or clay underlying the shallow peats 
are, however, rich in potassium and contain some phos­
phorus, so that the lack of these two elements in the peat 
does not restrict crop production to any large extent, 
crop roots evidently penetrate through the shallow layer of 
peat and draw the phosphorus and potassium which they 
need from the sub-soil.
6. Field tests of shallow Iowa peats carried out at 
comers, at Eagle Grove and at Ontario showed that lime­
stone, gjrpsum, phosphorus and potassium applied alone, or 
m combination m amounts in which such materials are 
usually applied to soils, led to no profitable increase in crops, 
and m most cases the variation in yields on the treated soils 
irom those on the check plots were only such as might wel l 
occur between duplicate plots.
7. The shallow Iowa peats do not need the addition of
fertilizing materials to make them productive.
r u ^ ? eec! is. Physical improvement, which may be ac- 
comphslmd by drainage, cultivation, etc. While the analyses 
or these peats showed them to be low in phosphorus and 
potassium applications of phosphorus and potassium fer-
iSSHbB F  not seem to be profitable. Evidently the crops 
utilize these constituents from the lower soil layers.
„ fc j j i  ^he methods of treatment recommended for the 
hallow iowa peats are, therefore: First, adequate drain- 
S l l B P l ! th(; Proper plowing and cultivation of the'soil, 
na, third, the choice of the crop best suited to such soils.
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9. In order to secure the proper drainage of Iowa peats, 
an extensive system of tile drains must be installed, using 
tile of ample size, providing proper outlets, placing them at 
the proper depth and taking special precautions to carry 
away the flood water from the surrounding upland and pre­
vent it from overflowing the peat area.
10. Fall plowing is advisable for peat soils to expose 
the soil to the action of frost, rain and snow during the win­
ter and thus hasten the destruction of the peat.
11. Deep plowing is of advantage for shallow peats. 
The heavy clay or muck is thus brought up from the sub­
soil and mixed with the peat and its physical condition is 
improved. The content of phosphorus and potassium in the 
surface soil is also increased.
12. Frequent cultivation of peat soils is of value in
keeping them open, and thus encouraging the decomposition 
of the peat. It is of value also in destroying weeds, whicn 
constitute a source of much difficulty on newly drained 
peats. ~
13. Timothy and alsike clover is perhaps the best cr»p 
to grow on reclaimed peat soils. This crop may be cut for 
hay or pastured. Corn and small grain frequently do not 
make satisfactory growth for several years after peat is 
drained. The corn is often stunted and the small grain may 
produce an abundant growth of straw and little grain, and 
may lodge badly.
14. Vegetables, such as onions, celery, tomatoes, po­
tatoes, etc., give excellent yields on peat soils, and the 
growth of such crops on newly reclaimed shallow Iowa peats 
may be strongly advised.
15. “Alkali” spots are small areas usually surround­
ing peat deposits or drained ponds or sloughs, which refuse 
to permit of the satisfactory growth of corn and of many 
other crops. They are recognized also by a whitish deposit 
which appears on the surface of the soil in times of drouth.
16. The deposit of salts on the surface of “alkali” soils 
consists of a variety of salts which have been contained in 
the soil water prior to drainage and are left at the surface 
when the soil water evaporates. Calcium carbonate is al­
ways present in large amounts, and there is a large amount 
of sodium. This sodium occurs sometimes as the sulfate, 
sometimes as the bicarbonate and occasionally as the nitrate. 
The “alkali” condition in soils cannot be attributed to any 
one compound, therefore, but is in general due to the con­
centration of salts in the soil water.
17. The appearance of the “alkali” and the harmful 
condition which it signifies may be prevented, or at least the
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harmful matter may be gotten rid of in the shortest possible 
time by laying two lines of tile around the slough or pond, 
instead of a single line through its lowest part.
18. A liberal application of manure is the most effect­
ive material to hasten the removal of the salts causing the 
“alkali” deposit. The plowing under of straw and green 
crops is also of much value. The permanent reclamation 
of such “alkali” spots can only occur, however, when the 
drainage of the area is complete and efficient.
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